Introduction
Ocimum species are annual and perennial herbs and scrubs, mostly native to the tropical and warm temperate regions (India, Africa and Southern Asia). They are members of the Lamiaceae family, and are cultivated worldwide under a variety of ecological conditions. The genus Ocimum (Lamiaceae) consists of about 50-150 species [1] with a large number of varieties.
Basil has been used as a medicinal and aromatic plant for centuries. Due to their pharmaceutical and medical properties, basil species are used in the treatment of headaches, cough, diarrhoea, antihelminthic treatments, and in kidney dysfunctions [2, 3] . The leaves can be used in fresh and dried state, as edibles or spices [3] . Essential oils extracted from both fresh and dried material are frequently used as flavour additives in food, pharmaceuticals, and cosmetics. Because of their insecticidal activity [4] , Ocimum plants are sometimes used against crop pest insects [1] .
Basil is a condimental plant cultivated in some parts of Romania and it is frequently used in cuisine (food flavouring and preservation), alternative medicine, for pharmaceutical products and in the cosmetics industry [5] . O. basilicum (sweet basil), O. gratissimum (clove basil or African basil) and O. tenuiflorum (syn. O. sanctum -holy basil) are the most commonly used Ocimum species as medicinal and aromatic plants. Because of the importance of Ocimum species and of the great variability in chemical composition, their essential oils have been the object of many studies [1] [2] [3] 6, 7] , but very little is known about basil species growing in Romania [5] .
Many species of the genus Ocimum contain essential oils primarily based on monoterpene derivatives such as camphor, limonene, thymol, citral, geraniol, and linalool [8, 9] . The site of monoterpene biosynthesis in Lamiaceae species has been specifically localized in the glandular cells of the secretory hairs [10, 11] . Glandular hairs are widespread on both vegetative and reproductive organs of the Lamiaceae species. They produce essential oils that have been reported to protect against herbivores and pathogens [12] . Antimicrobial activity of essential oils from some of the Ocimum species (especially O. basilicum and O. gratissimum) have been previously studied, but as the chemical composition of oil varies according to the population or chemotype analyzed, different antimicrobial activity was observed depending on the origin of the oils [13, 14] . Therefore, the aim of this study was to investigate the morphology of the volatile oil-producing glandular hairs from three Ocimum species cultivated in Romania in relation to chemical composition and antimicrobial activity of the volatile oils.
Experimental Procedures

Plant materials and growth conditions
The basil plants were cultivated in a greenhouse at Bucharest University with a average day temperature of 23°C and a 16 h photoperiod. Samples, which consisted of 200 g of fresh plant material (leaves and stems with flowers), were collected at the same time (anthesis phase) from the same area. The investigated species are O. gratissimum (clove Basil or African basil), O. tenuiflorum (syn. O. sanctum -holy basil), and O. basilicum (sweet basil) var. Genovese. Voucher specimens were deposited in the Herbarium of the Faculty of Biology, "Alexandru Ioan Cuza" University of Iasi.
Scanning Electron Microscopy
The investigated material consists of small leaf pieces, sepals and petals from floral buds. Leaves were collected from the top (second node from the apex) and the middle (node seven from the apex). The plant material was fixed in F:E:A (formaldehyde : ethanol 70% : acetic-acid, 5:90:5) for 48 hours, then washed with distilled water and stored in 70% ethanol. Some pieces were sectioned under a stereomicroscope with a razor blade. After dehydration in a graded ethanol series (80%, 90%, 100%) and acetone, the material was critical point dried with CO 2 using an EMS (Electron Microscopy Sciences) 850 Critical Point Dryer, sputtercoated with a thin layer of gold (30 nm) using an EMS 550X Sputter Coater and finally examined by scanning electron microscopy (SEM Tescan Vega II SBH) at an acceleration voltage of 27.88 kV.
Hydrodistillation (HD)
From each sample, 200 g of fresh plant material was hydrodistilled for 3 h using an all-glass Clevenger apparatus (Laboratory of Plant Physiology, "Alexandru Ioan Cuza" University of Iasi). The essential oil was extracted with 1 liter of water for 3 h (until no more essential oil was recovered).
Gas chromatography-mass spectrometry
The chemical analysis of the volatile oils was performed on a 6890 Agilent gas chromatography-mass spectrometry (GC-MS) system (DB-5 column, 25 m × 0.25 mm). The oven temperature was 50°C and further programmed from 50 to 280°C at a rate of 4°C/min, using helium as the carrier gas (1.0 ml/min). Injector and detector temperatures were 250°C. All analyses were performed in triplicate and the mean value was calculated. The volatile compound identification was made using the NIST spectral bank and Kovats indices, at the Faculty of Horticulture, U.S.A.M.V. Bucharest.
Antimicrobial activity
Organisms and growth conditions
Microorganisms were obtained from the culture collections of the Microbiology Laboratory, Alexandru Ioan Cuza University of Iasi. Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922 strains were used. Both test organisms were stored at -80°C in 15% glycerol stocks. Before testing, the microorganisms were transferred on Mueller-Hinton agar (MHA, Liofilchem) and cultured overnight at 37°C. Subsequently, 20 ml of Mueller Hinton broth (MHB, Fluka) were inoculated with 2-3 colonies of each organism taken from MHA and cultured overnight (37°C, 190 rpm).
Well diffusion assay
Overnight cultures of tested bacteria in MHB were diluted with sterile physiological saline solution (PS; 0.85% (w/v) sodium chloride) in order to adjust the turbidity of the medium to match the 0.5 McFarland standard (Biomerieux) -approximately 1.5x10 8 CFU/ml. A 5 ml volume of this inoculum was placed on predried MHA plates and allowed to remain in contact for 5 min. Excess inoculum was removed using a sterile syringe and the plates were allowed to dry for 30 min at room temperature. Four wells were created in each plate using a 5 mm cork borer. Into these wells 20 μl of different concentrations of Ocimum sp. essential oil (45, 90 and 180 mg/ml, w/v) were placed. The oil samples were diluted with DMSO which was also used as control. After allowing 1 h at 4°C for the diffusion of the essential oils in the medium, the plates were incubated at 37°C for 24 h. Gentamicin (10 μg/disc) was used as a positive antibiotic control. The inhibition zones were measured in millimeters (including 5 mm well diameter) and the assay was carried out three times for each oil sample.
Colorimetric determination of minimum inhibitory and minimum bactericidal concentrations
The essential oils exhibiting the greatest antibacterial effect in the well diffusion assay were further tested to determine minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) using a colorimetric micro-dilution technique [15] . In order to test concentrations from 0.022 to 2.9 mg/ml (w/v) three sterile 96-well microplates with lids (Becton Dickinson) were set up as follows: in wells in row A were placed 200 μl portions of 0.32% DMSO solutions of essential oil in sterile MHB; wells in rows B to H received 100 μl of sterile MHB. Serial two-fold dilutions were prepared vertically in the plate and excess broth (100 μl) was discarded from row H. The inoculum (100 μl) was prepared using an 18 h culture adjusted by reference to the McFarland 0.5 standard and further diluted with MHB to achieve approximately 2x10 6 CFU/ml. A number of wells were reserved in each plate for control of sterility (no inoculum added), of inoculum viability (no extract added) and of the DMSO inhibitory effect. The contents of the wells were mixed and the microplates were incubated at 37°C for 18 h. After incubation, 20 ml of resazurin solution (0.01% w/v) was added to all wells, followed by a second incubation of 1 h at 37°C. Wells were then assessed visually: a colour change from blue to pink or mauve was taken as indication of bacterial growth, while the highest dilution remaining blue was used to indicate the MIC. Immediately afterwards, plate counts were carried out on samples from the microwells remaining blue in order to determine the MBC. Three replicates of each microassay were carried out and the experiment was repeated twice.
Minimum inhibitory concentration was determined as the lowest concentration at which bacteria failed to grow in MHB but were cultured when plated onto MHA. Minimum bactericidal concentration was the lowest concentration at which bacteria failed to grow in MHB and were not cultured after plating onto MHA [16] .
Results and Discussion
Glandular hairs
The indumentum of all Ocimum species consists of glandular and non-glandular trichomes distributed on both adaxial and abaxial leaf surfaces, on sepals and sometime on petals.
The glandular trichomes are of peltate and capitate types. These types are usually found in species of the Lamiaceae family [12, 17, 18] and in Ocimum genus [19] . The peltate hairs (PH) ( Figure 1A on the mature leaves. Also, the highest density of the peltate hairs was noticed on lower epidermis of the petals and sepals in O. basilicum and O. gratisimum. At the end of their development, a large space developed above the glandular cells in order to allow the accumulation of the essential oils.
Three different types of capitate hairs (CH) could be distinguished: the first (CH1) ( Figure 1C) consisted of a bicellular body and a bicellular head; the second type (CH2) ( Figure 1D ) had one cell formed body with an unicellular elongated head; the third type (CH3) is similar to the CH2 type, but the glandular cell is quite spherical and the stalk is longer ( Figure 1E ). The CH1 type, with larger glandular heads, is more frequent on O. gratisimum and O. tenuiflorum leaves; on O. basilicum, the CH2 type is more frequent, with larger glandular cell (23.45±2.76 μm in width, and 33.56±3.41 μm in length). Capitate glandular hairs of the Lamiaceae family produce a particular mixture of carbohydrates, lipids and proteins and less monoterpenic compounds [11] . The larger quantity of monoterpenes is produced and stored in peltate glandular hairs [20] .
On the sepals of O. basilicum var. Genovese, a special secretory type of hair was observed: the glandular head is formed by four cells, as one in peltate hairs, but the stalk is unusually long (longer than of that of capitate hairs) ( Figure 1F ). Werker et al. [12] showed that the capitate types are less variable than the peltate types (regarding the length of the stalk cells and the shape of the secretory head).
In O. basilicum, the non glandular hairs are uni-or bi-cellular on the leaves and multi-cellular on the petal bases. In O. tenuiflorum these hairs are multi-celullar (4-5 cells) or bi-cellular, while in O. gratissimum they are only multi-cellular.
Chemical composition of the essential oil
The composition of the volatile fractions obtained from plants in blooming stage belonging to the three Ocimum investigated species is presented in Table 1 Our study showed that the chemical composition of the essential oils belonging to the investigated basil taxa is varied. Considering that all of the plants were cultivated under the same conditions the impact of the ecological factors on essential oil composition variability has been excluded. Also the plants were harvested in the same phenophase, therefore the differences in essential oils composition are determined only by genetic factors.
According to Marotti and co-workers [21] all essential oils we tested are classed as type 1, having linalool as their main component. The biosynthesis site of linalool in Lamiaceae is in peltate glandular hairs with multi-cellular glands [22, 23] . Our electron microscopy studies revealed the presence of a high density of peltate hairs on the lower epidermis of the petals and sepals in O. basilicum var. Genovese and O. gratisimum. Therefore the high amount of linalool found in O. gratissimum and O. basilicum var. Genovese oils (74.22% and 65.38% respectively) could be correlated with larger and more numerous peltate hairs from the calyx and corolla elements. Moreover, we must take into consideration that the harvesting was done in the anthesis stage, when the proportion of flowers in plant material mass is important and most leaves are already mature.
Our results are in good agreement withthose of Zheljazkov et al. [24] who reported that the major oil constituent of Ocimum basilicum L and. O. tenuiflorum L. from Mississippi (USA) was linalool (30-40%) and eugenol (8-30%). In addition, Hussain et al. [25] showed that the most abundant component of essential oils extracted from O. basilicum indigenous to Pakistan was linalool (56.7-60.6%). According to Carović-Stanko et al. [8] linalool was the main compound identified in the hydro-distilled O. basilicum var. Genovese essential oil from Croatia (66.40%). In other O. basilicum chemotypes linalool is absent and in O. tenuiflorum this compound is present in small amounts [26] .
The comparison of our results with the data reported in the literature showed significant differences concerning oil composition, which can be attributed to the local climate, genetic differences between populations, different chemotypes and the plants' nutritional status or development stage. Variation in chemical pattern of O. basilicum essential oil has been also reported by Dambolena et al. [6] and Kartnig and Simon [27] , who found that linalool and eugenol varied widely with harvest time and varieties.
Antimicrobial activity
The growth inhibition zones measured by well diffusion method are presented in Table 2 . The results suggest that all essential oils showed antibacterial activity against both tested organisms, depending on their concentration, with inhibition zones ranging from 8 to 15.7 mm. O. basilicum var. Genovese oil produced the strongest antibacterial effect on S. aureus and E. coli. Moderate effects were registered in the case of O. gratisimum and O. tenuiflorum oils for both tested organisms. There was no inhibition of growth observed when DMSO was used as control.
The bacteriostatic and bactericidal concentrations of essential oils obtained by colorimetric assay followed by plating on MHA are presented in 
RA = Relative area percentage (peak area relative to the total peak area percentage). RT = Retention time (min).
(MIC=0.364 mg/ml, w/v). The minimum concentration of essential oil necessary to kill an organism (MBC) should be equal to or greater than the MIC for that microbe [28] . In our study, both bacterial strains presented MBCs which were two or even three times higher compared to the MIC. Many microorganisms, which cause damage to human health, exhibit drug resistance due to the overuse of antibiotics [29] . Thus, there is a need for the discovery of new antimicrobial substances from natural sources, including plants. In recent years, essential oils and herbal extracts have attracted a great deal of scientific interest due to their potential as a source of natural antioxidants and biologically active compounds [25, 30] . Moreover, it must be noted that different plant products or extracts in combination with antibiotics or other synthetic antimicrobials are sometimes able to exhibit synergistic effects. Co-medication is therefore of significant interest for future therapeutic strategies [31] .
In this work, the antimicrobial activity of essential oils of three basil species growing in Romania were evaluated. According to our results, the oils presented good antibacterial activity against both E. coli and S. aureus, the MICs values being in accordance with the data presented in the literature [32] . The growth of E. coli was inhibited especially by O. gratisimum and O. basilicum var. Genovese oils, probably due to its high linalool content (74.22 and 65.38%). The inhibition zones (10.7±0.5 mm) and the MIC value (0.728 mg/ml, w/v) obtained in the case of O. tenuiflorum oil suggest a less pronounced antimicrobial effect that can be correlated with a lower linalool content (38.6%).
O. basilicum var. Genovese and O. tenuiflorum oils exhibited the strongest antibacterial effect against S. aureus (MIC value -0.364 mg/ml, w/v) even if their linalool content was lower compared with O. gratissimum oil (65.3%, respectively 38.6%). In this case, the increased antibacterial properties can be related to a higher content of eugenol (5.26% and 11.82%, respectively). One possible reason for this result could be the synergistic action of the constituents in the oils [32] . Prasad et al. [33] studied the antimicrobial activity of essential oils of O. basilicum rich in linalool, methyl chavicol, and methyl cinnamate against eleven Grampositive and seven Gram-negative bacteria and they found that these oils were more effective against Grampositive than against Gram-negative bacteria. Lahariya and Rao [34] Table 2 . Antimicrobial activity of Ocimum essential oils against Staphylococcus aureus and Escherichia coli using well diffusion assay. The diameter of inhibition zone includes the well (5 mm).
Values are mean inhibition zone (mm) ± S.D. of three replicates;
essential oil of O. basilicum in vitro against 10 different microorganisms and they found that this essential oil had no activity against Staphylococcus. Our results suggest that both E. coli and S. aureus were inhibited by each of the tested basil essential oils with no significant differences. The antimicrobial activity of the three basil species essential oils could be explained by the significant amount of linalool, an oxygenated monoterpenoid. This compound has been shown to have antimicrobial activity [35, 36] . The mechanism involved is related to its high water solubility and therefore to its ability to penetrate the cell wall of a bacterium [32] . Thus, the antimicrobial activity of these essential oils is due to their solubility in the phospholipid bilayer of cell membranes [37] . It has also been suggested that linalool has the potential to actas either a protein denaturing agent or as a solvent dehydrating agent which may also contribute to its antimicrobial activity [38] .
Knobloch et al. [37] demonstrated that linalool, with its high water solubility, had a significantly increased antimicrobial activity when compared to eugenol. Nevertheless the antibacterial activity of the essential oils can be related to the content of many of the compounds identified in the oils, including eugenol [39] [40] [41] . Although linalool presents important antioxidant and antimicrobial effects [42] , it must be noted that the antimicrobial effect of an essential oil depends on all its chemical components.
Our studies suggest the potential use of essential oils and the fresh herbs from all three investigated species with this origin, especially from Ocimum basilicum L. var. Genovese, as antimicrobials for food preservation and in the pharmaceutical or cosmetic industries. However, further evaluation is needed in order to determine if these essential oils have a negative impact on normal human microbiota.
